Functional Aspects Of The Evolution Of Frog Tongues by Regal, Philip J. & Gans, Carl
FUNCTIONAL ASPECTS OF THE EVOLUTION OF FROG TONGUES
PHILIP J. REGAL
Museum of Natural History, The University of Minnesota, Minneapolis 55455
AND
CARL GANS
Division of Biological Sciences, The University of Michigan, Ann Arbor 48104
Received July 24, 1975
Revised January 22, 1976
Amphibians are remarkable in having a
tongue that is propelled from the mouth,
to impact on, adhere to, and pull prey
into the buccal cavity, Although some-
times listed as a characteristic defining the
class, it is only among certain salamanders
and frogs that the tongue appears to be
flipped out rather than moved by incre-
mental control. Its action is thus analo-
gous to that of the projectile tongue of
chameleons (Gnanamuthu, 1930; Gans,
1967), rather than to the merely extensi-
ble tongue of anteaters, some birds, and
snakes. The mechanism of the tongue of
frogs, which is propelled by the rotation
of "soft" tissues about the mandibular
symphysis, is fundamentally distinct from
that of the tongue of salamanders, which
is hurled anteriorly by a forward shift of
the hyobranchial skeleton (Regal, 1966;
Ozeti and Wake, 1969; Lombard and
Wake, 1976; Larson and Guthrie, 1976).
The tongue has been used in the 19th
Century and through the present as a "tax-
onomic character" in the classification of
frogs (d. Lynch, 1973). However, the
structure, function and evolution of this
complex lingual system has received but
minimal attention. Perhaps symptomatic
of such neglect is that an obscure but
beautiful study of the ontogeny and mor-
phology of the tongue and its intrinsic
muscles in 42 species of frogs (Magimel-
Pelonnier, 1924) has not been brought
to light in any subsequent treatise on the
frogs (Noble, 1931; Werner, 1930; Reeder,
1964; Blair, 1972; Vial, 1973) and, in-
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deed, in the major handbook of vertebrate
anatomy (Nishi, 1938).
The mechanical basis of tongue projec-
tion has long been discussed and debated,
mainly for the advanced genera Rana and
Bujo (Duges, 1827, 1835; Hartog, 1901;
Gaupp, 1901; Barclay, 1942; Gnanamu-
thu, 1933; Boker, 1937). Recently its
mechanism has been explained anew (Ta-
tarinov, 1951; Gans, 1961, 1962), though
experimental confirmation is still lacking.
It is commonly assumed that the condition
of Rana or Bujo can be generalized at least
for anurans belonging to "nonarchaic" or
"modern" taxonomic groups, such as the
Ranidae, Bufonidae, Hylidae, Leptodac-
tylidae, and Rhacophoridae, in which the
tongue is attached in front with a "free
flap posteriorly." The "archaic" taxo-
nomic groups, the Ascaphidae (here both
Liopelma and Ascaphus but see Savage,
1973), Discoglossidae, Pipidae, and Rhino-
phrynidae, are supposed to differ, having
noneversile, posteriorly attached, or even
completely margined tongues when pres-
ent. The function of such tongues remains
unstudied.
We propose here that statements such
as "tongue present" or "tongue absent"
and even "tongue with free flap poste-
riorly," do not necessarily define shared
character states, but conceal critical bio-
mechanical complexity and evolutionary
parallelisms.
It is not our intention here to present a
comprehensive monograph on frog tongue
structure and function. We document (1)






tion (3). To promote discussion and to
give further impetus to functional studies,
we will present speculative sequences of
functional transition: comments on the
possible evolution of grades or levels of
organization of propulsive tongues and
comments on possible parallelisms.
As some of these grades conceivably
have been achieved by reversion from
more advanced levels. (perhaps resulting
from specialization for distinct feeding
modes), we expressly avoid assigning the
observed conditions to a true phylogenetic
scheme. We have, furthermore, made no
attempt to question the homology of the
diverse buccal and tongue muscles. All
glossal fascicles are routinely called "genio-
glossal" when they originate from the vi-
cinity of the symphysis, or "hyoglossal"
when they originate from the hyoid ele-
ments. These topographical criteria for
homology remain to be tested by more
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FIG. 1. A-E. Model of tongue propulsion in
a frog such as Rana. (The retractor muscles are
omitted.) At rest (A, B) the tongue muscle lies in
the plane of the mandible. As the flip starts (C)
the tongue muscle (ggb-genioglossus basalis)
contracts and stiffens to form a lever. At the same
time the intermandibularis anterior (ima) con-
tracts to form a rising fulcrum. The insertion of
the tongue muscle on the mentomeckelian elements
is dropped below the level of the rising fulcrum,
an action possible because of flexible areas in the
lower jaw between the symphysial elements and
the dentary (D). The soft, posterior portions of
the tongue are thus hurIed forward (E). F, G.
In a frog such as Ceratophrys the mechanical
components are arranged so that rotational ac-
celeration may be imparted to the soft tissue of
the tongue even though the symphysis is inflexible.
Contraction of the wings or flaplike portions of
the ggb would cause bulges that would tend to
force the lever and fulcrum apart by coupling the
mechanical action of a "wedge" to the system.
that the "archaic" frogs show a diversity
of structural and functional patterns. We
further document by a few examples (2)
that the tongues of certain "advanced"
frogs differ fundamentally from one an-
other in structure and presumably in func-
DESCRIPTIONS OF FROG TONGUES
Previously Recognized Diversity and
Function
Gans (1961, 1962) proposed a pattern
of tongue propulsion for the condition in
Rana, an advanced frog (Fig. 1, A-E).
In essence, the basal genioglossus repre-
sents a rod-shaped mass of muscle fibers
stacked transversely to the body axis and
encased in a connective tissue envelope
that attaches to the mandibular symphy-
sis and runs the length of the tongue (Fig.
2). Contraction turns the flaccid mass
into a rigid rod or lever. Rapid depression
of the attachment of the genioglossus with
the mandibular symphysis rotates the
short end of the lever (the genioglossus)
over a rising fulcrum (the contracted in-
termandibularis anterior); this provides
maximum linear acceleration of the distal
genioglossal tip. The soft tissues of the
lingual tip are carried along by the end
of the genioglossal rod and expend their
kinetic energy in further extension (Fig.






FIG. 2. Sagittal and parasagittal sections through the tongues of representative Anura. Though dia-
grammatic these were drawn with the aid of a camera lucida. The heads point to the left. Rhillophry-
nus: Note massive development of the retractor muscle (hg) and poor development of the ggb or any
other potential protractors. Cyclorana: This drawing also serves to represent the condition in Ascapbus
and Bomblna, Note particularly the diffuse organization of the protractor muscles (ggb) which are ef-
fective in protracting the tongue, but which are not organized so as to form a lever system. The inter-
digitating insertion of the protractor and retractor fibers into the tongue pad is characteristic of the
tongues of alI the folIowing frogs. Scaphiopus: It is notable that the "wedgelike" portion of the ggb is
relatively huge. Diffuse fascicles diverge lateral to the midline as the dorsal portions of this muscle, and
are compact primarily in the smaIl area where they join along the midline. Ceratophrys: The dorsal por-
tion of the ggb is relatively huge along the midline. The dorsal portion of the muscle branches into
loose fascicles as it turns laterally to interdigitate with fascicles of the retractor (hg) and insert into the
tongue pad. Note that the basal "wings" or "wedge" of the ggb are primarily lateral to the midline,
hence the right flap illustrated is indicated by a dashed line since it would be located deep to the pri-
mary plane in view. Megophrys: The sagittal section illustrated passes only through a left lateral wing
of the ggb and the stout bundles of its left posterior portion as they branch beneath the tongue pad, ap-
parently offering structural support. Thus, one sees primarily the surface of the ggb and the five sev-
ered lateral portions (indicated by heavy lines). Rana: The compact form of the ggb is particularly
noteworthy. Lateral fascicles from the genioglossus can be seen beneath the hg. ggb = genioglossus
basalis j gh = genioh yoid ; hg = hyoglossal; ima = intermandibularis anterior; imp = intermandi-
bularis posterior. (The nature of the structure labeled "gland" was not actually investigated.)
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1) . The basic action is not dissimilar to
those of the onager and trebuchet, ancient
and medieval catapult devices used in
warfare. Of course, the force with which
an onager propels an object is stored in
the elastic deformation of the wooden
beam, whereas force used to propel the
frog tongue for the most part derives im-
mediately from the contraction of the
genioglossus muscle.
Among primitive frogs the aquatic Pipi-
dae lack tongues and show consequent dif-
ferences in the muscles of the buccal floor
(Chaine, 1900).
The primitive discoglossid (and asca-
phid) frogs have, "a round disclike tongue
which adheres by nearly all of its base to
the floor of the mouth" and it has been
assumed that, "it can not be extended
when its owner takes food" (e.g., Cochran,
1961).
The primitive and peculiar Mexican frog,
Rhinophrynus, has a distinctive tongue
that is said to be, "free anteriorly and ap-
parently protrusible in mammal rather
than in frog fashion. A close parallel oc-
curs in the African bufonid Werneria"
(Noble, 1931).
Some "advanced" or "nonarchaic" frogs
of southeast Asia and the IndoAustralian
Archipelago are said to have peculiar
tongues, deviating from the standard pat-
tern of "attached in front, with free flap
behind." For example, "Colpoglossus is
specialized in that the posterior part of the
tongue is tightly bound to the middle of
the floor of the mouth. This makes the
posterior edges of the tongue curl over to
form a shallow pocket. In Glyphoglossus
among the Cacopinae and in many other
subfamilies of brevicipids a parallel modi-
fication has occurred except that in these
the whole median portion of the tongue is
usually tightly fixed, producing a crease
for the greater part of its length" (Noble,
1931).
No motion analysis, much less electro-
myography, has been performed on these
species. A functional framework for fu-
ture study of salientian tongues is obvi-
ously needed. We begin with a general
discussion of the buccal system. Then
some tongue conditions that differ from
Rana are described and interpreted as a
basis for evolutionary constructions.
Organization and Functions of the
Buccal System
The frog's lower jaw is framed by the
narrow, rod-shaped, curved mandibles, the
tips of which may join in a loose or tight
symphysis, or may be loosely connected as
in Rana by a distinct pair of medial ossi-
fications, the mentomeckelian bones (sym-
physials). (Bufo and Rana will serve as
a basis for discussing common advanced
frogs.) The semicircular gap between the
mandibles is spanned by a wide, variously
angled sheet of posterior intermandibular
muscles. These intermandibulars lie im-
mediately beneath the skin and may run
from side to side, interdigitate medially,
or may be interrupted by a median apo-
neurosis. More anteriorly is the much
thicker bundle of the anterior inter man-
dibular, which attaches along the mandi-
bles just posterior to the symphysial tips.
Deep to the intermandibulars pass the
geniohyoids, that run from the symphysial
region of the mandibles to the hyoids
(Corsy, 1933). Contraction of these mus-
cle layers will lift the buccal floor, simul-
taneously rotating the mandibles inward.
The extent of ventral excursion of the
buccal floor may be limited by anterior
projection of the pectoral girdle.
The tongue muscles lie dorsal to this
floor. In general, one or more genioglos-
sal series originate from the symphysial
region and enter the tongue. The most
anterior components of this system are
sometimes associated with the anterior
part of the geniohyoid. More dorsally,
posteriorly and laterally the series sub-
divides and fans out.
The hyoglossal mass (tongue retractors)
proceeds anteriorly from the hyoid; the
fascicles travelling as a bundle and only
separating near the base as they enter the
tongue. The fascicles of several tongue
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muscles generally interdigitate in their
course and attach in a staggered pattern.
The base of the tongue, through which
they pass, often contains one or more lym-
phatic sinuses, and even when strict si-
nuses do not occur, one finds the crossing
fibers attached only loosely to each other
so that they are clearly discrete as soon
as the tissue is even slightly teased
and the intervening connective tissues
stretched.
The dorsal surface of the tongue is nor-
mally covered by a more or less clearly-
defined, thickly-folded mucous glandular
pad. Whether or not it has free edges,
there is likely to be considerable folding
of the surrounding mucous membranes,
documenting their capacity to stretch dur-
ing excursions of the tongue pad. Indeed
the apparent extent of free "edge" or
"flap" is often misleading. (Magimel-
Pelonnier, 1924, comments on the extent
of individual variation in preserved speci-
mens.)
The above structural pattern, which is
subject to numerous variations, incorpor-
ates the basis for several biological roles.
1. Pumping.-The buccal cavity serves
as a power source for the pulse pumping
method of breathing. Simultaneous con-
tractions of the intermandibular and genio-
hyoid muscles lift the floor and this drives
air into the lungs (de ]ongh and Gans,
1969; Martin and Gans, 1972).
2. Narial closure.-In some frogs con-
traction of the anterior intermandibular
muscle closes the nostrils (Gaupp, 1901;
Gans, 1974), thus sealing the bucco-pul-
monary cavities and permitting a pressure
rise during pulse pumping, as well as dur-
ing the filling of vocal sacs and air storage
during vocalization (Martin and Gans,
1972). Dorsal shift of the movable sym-
physis acts on the premaxilla and through
this peculiar linkage the nares are closed.
It is unclear how the nostrils are closed in
the minority of frogs that lack mento-
meckelian bones or symphysial motility.
Could the smooth muscles mentioned by
Bruner (1902; d. Noble, 1931) take over
this function?
3. Prey manipulation.-The tongue
serves as the primary manipulative organ
for shifting food within the buccal cavity.
Selective movements of the tongue pad,
perhaps against the ratchet sometimes fur-
nished by the vomerine teeth, shift food
objects. Pressure of the bony jaws, the
hyoid, the eyes, and the intermandibular
sheet also may be involved in subduing
prey and in forcing it toward the esoph-
agus.
4. Capture.-In eversion of the tongue
its sticky dorsal surface rotates so that it
faces downward around prey items. Re-
traction pulls the entrapped object into
the buccal cavity.
Any functional scheme has to take into
account the need to fulfill the possibly




Virtually all criteria suggest that the
Discoglossidae and Ascaphidae are quite
primitive (Kluge and Farris, 1959; Estes
and Reig, 1973; Lynch, 1973; Sokal,
1975). The tongue system is simple. The
tongue of Bombina, for example, appears
poorly differentiated. Only the anterior
portion is well-defined, and there are no
posterior free edges in the specimens ex-
amined. The surrounding mucous tissues
are loose and the anterior lingual surface
is covered with minute papillae that may
increase the tongue's frictional purchase
upon food items. The vomerine teeth lie
opposed to the papillose surface and may
assist in holding and manipulating objects
in the mouth, similar to their function in
salamanders (Regal, 1966), and they may
simultaneously abrade the prey to facili-
tate taste discrimination as with Rana
(Francis, 1961).
Dissection of the tongue reveals two
main series of diffuse muscles. A first ser-
ies spreads posteriorly and radially from
the vicinity of the mandibular symphysis
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Contraction
tongue might seem to be effective primar-
ily in the manipulation of food items. Thus
it represents a condition comparable to
the putative second level of functional spe-
cialization in salamanders (Regal, 1966).
Salamanders such as Ambystoma not
only have this manipulative capacity but
can also protrude the tongue slightly to
capture and ingest prey (Regal, 1966;
Severtsov, 1971; Larson and Guthrie,
1976). Such a capacity is important in
the evolution of more advanced tongue
types, as this function exposes simple
structures and behaviors to the influence
of further selection.
Analysis of our motion pictures of
Bombina orientalis lunging and biting at
houseflies shows a slight and rapid but
unmistakable protrusion of the tongue. In
effect, the tongue rolls out over the front
of the lower jaw, forming an adhesive
leading edge to which the fly adheres, and
on which the fly is then carried into the
mouth. The discoglossid tongue is conse-
quently capable of some protrusion and
serves in food capture (Fig. 3).
The tongue mechanism of Ascaphus ap-
pears to be basically similar to that of
Bombina. The genioglossal fascicles are
diverse with large and small bundles in-
serting across the deep surface of the
tongue pad. The hyoglossal muscles pass
anteriorly in a broad band deep to the
tongue that abruptly splits into fascicles
and distributes attachments among those
of the genioglossus. Consequently we are
pleased to see the report of Larson and
Guthrie (1976) that the tongue of As-
caphus , too, is protruded in feeding. Both
sets of observations allow us to speculate
that further morphological specialization
among frogs might have resulted from a
remodeling of the tongue at this simple
level of organization to increase the ef-
fectiveness of the food catching function
and behavior. Bombina and Ascaphus
might be assumed to retain a prototype
structure for terrestrial frogs, from which




FIG. 3. Structural elements in the tongue of
Bombina, Ascaphus and Cyclorana consist pri-
marily of an interdigitating protractor and a re-
tractor series of muscles as they insert ventrally
into the tongue pad (shown here is a highly
diagrammatic sketch). A. Lateral view. B. Dor-
sal view. The tongue is shown at rest with only
the protractor fibers indicated. C. Our movies
show that the tongue can be projected from the
mouth and rolled over the edge of the lower jaw.
This would be accomplished by contraction of the
genioglossus while the retractor series (hg) is
relaxed. D. Dorsal view of same condition as C.
as it branches into fascicles that insert
widely into the ventral side of the thick-
ened tongue pad. The other and more
elongated series runs anteriorly from the
vicinity of the hyobranchial apparatus and
branches into a number of fascicles and in-
sert on the ventral side of the tongue, in-
terspersing with the first group (as in the
"nonarchaic" Cyclorana, Fig. 2).
The simplest functional interpretation is
that contraction of the posteriorly branch-
ing genioglossal series would pull the
tongue forward (Fig. 3). A prey item al-
ready in the mouth would then be stabil-
ized as it is pushed against the marginal
and palatal teeth. Contractions of the an-
teriorly branching hyoglossal series of
muscles, with the tongue in a forward posi-
tion, would draw the tongue (and attached
food items) backwards over the poste-
riorly directed teeth. Such a discoglossid
~
Protractor •• rl ••
A.
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The Tongue of Rhinophrynus
Rhinophrynus dorsalis is a peculiar bur-
rowing toad from Mexico and Central
America. It is toothless, has a very small
head, tiny eyes, a pipidlike tadpole (most
recently, Sokol, 1975), and a loud and
unmistakable voice. The symphysial re-
gion of its lower jaw is anteroposteriorly
flattened. Most recent studies rank it as
a primitive, "archaic" frog (Kluge and
Farris, 1969; Lynch, 1973). Noble (1931)
popularized the idea that Rhinophrynus
had a tongue like a mammal, free in front
rather than behind, and this wording has
been preserved in the literature. Actually
the tongue surface is merely highly folded
and in some specimens the folding does
not cause it to appear as described by
Noble.
The head of Rhinophrynus is peculiar.
First of all the pectoral girdle lies very far
anteriorly, completely overlapping the hy-
oid and reaching the level of the lingual
base (because the head is so small). Thick
hyoglossal fascicles enter the tongue and
spread out dorsally (Fig. 2). In contrast,
there is a relatively thin sheet of genio-
glossal muscle that passes to the lingual
base but does not appear to enter the
tongue itself (also noted by Magimel-Pel-
onnier,1924). In dorsal view, the posterior
edge of the tongue often forms a crescent
of thick and curved lateral arms. The mu-
cous membranes here cover lateral
branches of the hyoglossals that provide
flexible connections to the hyoid plate.
The plate itself is broadly suspended by
muscles and appears to be capable of sig-
nificant antero-posterial shifts.
There can be no question but that the
thin sheet of genioglossal muscle cannot
effect a shift of the tongue forward past
the symphysis. If this toad really licks
up termites and ants (Freytag, 1967), it
can only do so when an anterior shift of
the hyoid carries the tongue with it. At the
very least this should permit the pressing
of the tongue against the smooth internal
edges of the mouth so that the central
portion could protrude from the aper-
ture (Fig. 4). The intrinsic lingual muscles
would then serve to orient the tongue so
that its dorsal surface faces anteriorly
(out of the mouth) and later to rotate it
backwards with the prey. The flattened
external edge of the symphysial surface
may be interpreted as an adaptation that
permits the animal to get close to tunnel
openings. Its thickened skin and curious
underlying layer of fatty connective tis-
sue may aid it to resist the stings and bites
of worker ants and termites as it "licks"
them up.
It is interesting that the condition in
Rhinophrynus is analogous to that in
some salamanders in that the tongue is
protruded by movements of the hyoid. Of
course the details of structure and func-
tion are in no way the same, but we em-
phasize that the condition in Rhinophry-
nus is apparently unique for frogs. The
tongue here is best interpreted as a radi-
cally independent experiment in tongue
evolution.
The Tongue of Ceratophrys
The horned frogs, genus Ceratophrys,
inhabitants of South America, have enor-
mous, heavily ossified skulls and a large
mouth and stronger jaws and teeth than
do most salientians. They are well-known
for their powerful bite, and take large
prey such as other frogs, toads, lizards,
snakes and small mammals. Ceratophrys
attracted our attention because it lacks
mentomeckelian elements and is in a "non-
archaic" frog group (leptodactylid-bufonid
affinities). The symphysis of the lower
jaw is fused; however, a heavy triangular
anterior intermandibular muscle is present.
No separate mentomeckelians are notable
in adults (however, a cleared and stained
juvenile retains what is possibly an ossi-
fication center at the tip of Meckel's car-
tilage). These frogs are unusual in having
undivided teeth (Lynch, 1971, and pers.
obs., contra Parsons and Williams, 1962),
heavily ossified skulls, and neural spines
on the vertebrae recalling the lower Per-
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mian "frog" vertebra described by Vaughn
(1965) .
The tongue of Ceratophrys (Fig. 2) is
distinctly different from those described
previously. A stout geniohyoid lies imme-
diately deep to the intermandibulars, and
attaches medially near the dorsal edge of
the mandible. The massive genioglossal
bundles attach immediately lateral but also
somewhat ventral to it on each side. Two
stout cylindrical muscle masses with
pointed ends run each to one lingual tip
and here provide further fascicles to the
base of the tongue pad. The short, gener-
ally transverse, internal fibers attach to
the connective tissue sheath of the masses,
but this lacks posterior attachments so
that the lingual tissues should be able to
slide over them with little friction. Each
genioglossal mass also includes a distinct
wedge-shaped basal flap that extends as a
lateral wing, to the mandibular edge. The
hyoglossal muscles insert in three separate
series of fascicles, respectively into the me-
dial and the two lateral portions of the
tongue from their origin on the posteroven-
tral aspect of the hyoid plate. The fasci-
cles are well-defined, though joined by
loose connective tissues rather than placed
into a sinus.
It is noteworthy that since there are
no separate mentomeckelians the system
cannot function as in Rana.
The short fibers of the several sets of
genioglossal muscles, attached only to
their encapsulating connective tissue
sheath, should not alone induce much mo-
tion, but rather, upon contraction may
provide a stiffened framework for the two
wings of the tongue. Contraction of the
posterior intermandibular would shift the
anterior i.m, dorsad and contraction of
the latter would cause it to thicken so
that its dorsal surface would rise further.
The overlying geniohyoids would conse-
quently be lifted and would in their con-
traction transmit all three sets of incre-
mental movements to the base of the
genioglossals. Contraction of the basal
wedges or wings would induce a further
significant upward shift (Fig. 1, F, G)
and with the stiffening and thickening of
the main masses impart significant rota-
tional acceleration to these "rods." As a
lymphatic sinus occupies the lingual base
and the soft tissues of the lingual pad are
attached mainly at the genioglossal tips,
the rotation would cause them to move
centrifugally and to describe the path
more of the shot than of the sling. The
entrained kinetic energy would stretch the
hyoglossal attachments. Contraction of the
hyoglossals repositions and shifts the lin-
gual surface ventrad. Attachment of the
hyoglossals far posteriorly on the hyoid
surface would provide the maximum fiber
length and with this, maximum absolute
shortening.
Dissection alone does not reveal if the
tongue of Ceratophrys is truly a "flipping
tongue" or produces only a rapid, but
controlled shift of the soft tissues past
the buccal edge. Extrapolation from
structure tends to suggest the former. The
length of the genioglossal rods, signifi-
cantly greater than in Rana, and the ad-
dition of basal wings may compensate for
the inflexible symphysis (perhaps reflect-
ing a specialization toward the immobili-
zation of large prey, or representing a
primitive character state).
The Tongue oj Megophrys
Megophrys monticola is a pelobatid
frog of Malaysia, the tadpoles of which
have umbrella-like mouths with which to
suspend themselves from the water's sur-
face. The adult frogs seem to be scaven-
gers of the forest floor. The genus.
is interesting in being among the most
primitive of the "nonarchaic" frog groups ..
The tongue, however, is far from simple.
In fact the genioglossal shows one of the
most beautifully complex internal arrange-
ments that we have seen in vertebrate
muscle (Fig. 2).
The tongue is shaped like a Ping-Pong
paddle with the long cylindrical "handle'"
bulging beneath smooth but folded mu-
cous tissues and reaching from the man-·
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dibular symphysis to the flat, circular,
papillate tongue pad, the "paddle" lying
more posteriorly. Multiple folds of the
buccal mucosa cross the "handle" suggest-
ing remarkable motility. The edges of the
"paddle," but not of the "handle," are
deeply undercut.
The posterior intermandibular muscles
are thin, but continuous, and are arranged
in several layers. The geniohyoids are very
broad, radiating from the anterior sym-
physis and then passing posteriorly in
parallel over the medial two-thirds of the
buccal floor. The anterior i.m. is thick
and lies interspersed between the posterior
i.m, and geniohyoid. The tongue pad re-
ceives as usual, the genioglossal and hyo-
glossal muscles, the former being by far
the stouter. The genioglossal mass is curi-
ously modified. It starts anteriorly, from
the symphysial region, just dorsal to the
thickened anterior intermandibular. Poste-
riorly it does not simply diffuse into the
tongue tissues but actually seems to form
a stout, supporting structural framework
for the "paddle" with series of symmetri-
cal lateral branches.
The genioglossus is unusually complex
and the following description based upon
dissections only, will ultimately have to be
amplified on the basis of serial sections.
The anteroventral base appears as a delta
wing-shaped mass generally of short an-
teroposterior fibers. All of these fibers
insert on the capsular connective tissues
and the capsule lacks posterior connec-
tions. Longer fibers originate more dor-
sally and swing over the ventral mass to
pass along the dorsal surface as a longi-
tudinal series of bundles towards the cen-
ter of the tongue pad. They form a solid
and most complexly organized rod as some
of the fibers spiral clockwise and others
counterclockwise down the sides and thus
surround the bundles of the central core.
Fascicles first descend mid-ventrally then
pass laterally along the bottom and again
ascend the sides of the rod at angles to
the former. Thus a series of stout fasci-
des enters the tongue sequentially (it is
unclear whether their fibers continue from
the symphysis or terminate as insertions
on the connective tissues of the main rod).
The hyoglossal muscles are much nar-
rower and represent a sparser and more
standard pattern. Starting from the ven-
tral surface of the hyoid plate they curve
loosely to insert across the ventral sur-
face of the tongue pad.
While the described arrangement is
seemingly distinct from that observed in
any other species, its function may again
be characterized in terms of the basic lever
systems previously discussed (Fig. 1).
Contraction of the intermandibulars, genio-
hyoid, and basal genioglossal muscles
would tend to rotate the more dorsal "rod"
of genioglossal muscles around the sym-
physial region. The contraction of the cen-
trallongitudinal fibers of the dorsal portion
of the genioglossal muscle should cause the
mass to become rigid, rather than to shorten
significantly, as deformation will be in-
hibited by the spirals of the tightly enclos-
ing superficial genioglossallayers. The mus-
cular wrapping may restrain the swelling of
the interior bundles and provide the lingual
paddle with a stout handle anteriorly. Not
only does the tongue appear as a Ping-Pong
paddle, it may act like one.
The Tongue of Bufo
The cosmopolitan and advanced genus
Bufo includes the common toads. We
have only examined the tongues of two
species, Bufo woodhousii and Bufo ma-
rimes, of significantly different sizes. Their
tongues superficially remind one of the
"typical" frog tongue seen in Rana in that
the pad starts near the symphysis, and ex-
tends posteriorly as a divided rather than
as a single flap that has wide free edges
laterally and posteriorly.
Internally, the system differs funda-
mentally from that seen in Rana. The dif-
ference is not in the arrangment of inter-
mandibulars and geniohyoids or in the
flexible connection of the symphysis. The
difference relates to the nature of the
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genioglossal fibers. These fibers are ar-
ranged in a ventrally placed wedge encom-
passed by some surrounding connective
tissues. In contrast to the situation in
Rana, these fibers do not run transversely
or even obliquely, but essentially antero-
posteriorly. More dorsal to them lies a
series of even longer fibers, the longest of
which penetrate into the wings of the
tongue.
The hyoglossal muscles are of typical
arrangement. Their insertion intersperses
across the lingual surface. The hyoglos-
sal and genioglossal muscles pass through
the sinus at the base of the tongue.
Published (and unpublished) photo-
graphs document the way in which the
toad's tongue unrolls during projection
(e.g., Barclay, 1942). These views show
clearly that the ventral base (presumably
the basal genioglossi) rotates first, passing
well beyond the symphysis and dragging
the tongue pad with it. The wedging and
pulling action of the genioglossal system
provides the propulsion, further enhanced
by the depression of the mandibular sym-
physis which accentuates the rotation. The
soft tissues of the lingual pad are carried
along with the rod's tip; they trail or drag
after it. After the rod has achieved its
greatest excursion these soft tissues con-
tinue to travel due to their inertia. One
can see the pad first stretching and then
rotating so that its surface turns ventrally
before impacting on possible prey. Retrac-
tion occurs by the paired bundles of the
hyoglossus. Excellent photographs by
Schubert (1974) document this phase.
The toad's tongue would seem to incor-
porate a potential for asymmetric action
not seen in Rana. No experiments have
yet explored the question of control,
though it is of obvious interest, and not
only for questions of phylogeny.
Some Unexpected Grades oj
Tongue Complexity
The tongue was also examined in vari-
ous leptodactylids and pelobatids with re-
sults that do not seem at first to match
the presumed status of these animals
based on other characteristics (Lynch,
1971). In Cyclorana dahli (UMMZ 65250-
Leptodactylidae, or Pelodryadidae in some
arrangements) the tongue mechanism is
relatively simple: essentially the condition
in Bombina (Fig. 2). In Telmatobius mar-
moratus (UMMZ 68179-Leptodactylidae)
the posterior edge does have a fold or flap
but the muscles are relatively simple, much
again as in the discoglossid level of or-
ganization. In contrast, N eobatrachus
pelobaioides (UMMZ 1619-Leptodactyl-
idae, or Nyobatrachidae) features a very
large anterior mandibular and two strong
well organized genioglossi basales with
short fibers positioned at an angle to their
length and with subdivisions that radiate
outward from the attachment to the sym-
physial region.
The condition in Scaphiophus (Fig. 2)
is strikingly dissimilar to the other pelo-
batid examined, Megophrys. The dorsal
"lever" portion of the genioglossus is ex-
tremely bifurcated and the ventral
"wedge" portion is relatively huge.
Several other species show similarly un-
expected results. The above forms are
mentioned here only to document that
frogs deserve a detailed survey for this
character on the generic, and indeed the
specific, level.
DISCUSSION
Implications jor Phylogenetic Studies
The preceding cases lead to a number of
immediate conclusions. First, they sug-
gest that even those tongues that are least
specialized and lack complex intrinsic mus-
culature may be rolled out over the jaw
edge and thus pick up food. Consequently,
the lingual condition of the archaic spe-
cies needs to be re-evaluated, both ana-
tomically and functionally.
As interesting are the multiple cases of
diversity within the "modern" species, as
well as the fact that these do not fit sim-
ply into the classification schemes of re-
cent authors. For example, Lynch (1971)
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FIG. 4. The tongue of Rhinophrynus lacks an
obvious protractor series and must work on a dif-
ferent principle from that in other frogs. We pro-
pose that the hyolaryngeal apparatus is extended
anteriorly and thus pushes the mass of tissue and
sinus fluid out of the mouth. The shape and
movements are conceivably controlled by the hg
(not shown here). A. Schematic sagittal section
through the lower jaw, tongue relaxed. Also
indicated in this section are dentary (left) and
portions through the hyolaryngeal apparatus and
pelvic elements (right). B. Tongue as it might
appear when protracted by an anterior shift of
the hyolaryngeal apparatus to the left.
tongues of frogs and salamanders followed
characteristically different evolutionary
paths. Could it be that the branchial
skeleton of ancestral frogs had early be-
come involved in sound production and so
was unavailable for extensive remodeling
in connection with feeding? In this case
the voiceless condition in Liopelma and
Ascaphus would represent a secondary
loss. Reduction in, or loss of, the sound
producing apparatus has recently been dis-
cussed for several species of bufonids
(Martin, 1972). However, the reasons
for possible loss of sound production in
the Ascaphidae are not obvious. Ascaphus
now lives in swift and often noisy moun-
tain streams and it is possible that reduc-
tion of bouyancy led to reduced lungs and
that voicelessness may well be the conse-
quence. Liopelma is reported to produce
suggests that Megophrys is one of the
least advanced of the nonarchaic pelo-
batids, yet its tongue seems to us ex-
tremely complex. In contrast, Telmatobius
marmoratus and Cyclorana dahli, primi-
tive members of the supposedly more ad-
vanced "Leptodactylidae," have what we
consider to be extremely simple tongues,
essentially similar to that of Bombina.
Other "leptodactylids," Ceratophrys, and
N eobatrachus have what would seem to
be advanced tongues, incorporating enor-
mous, organized genioglossi basales.
The diversity of structural conditions
among the relatively few species thus far
sampled only suggests that tongue struc-
ture and function may be useful in shed-
ding some light on questions of salientian
phylogeny. A limiting factor in consider-
ing the classification and phylogeny of the
Anura has been a paucity of characters
useful in analysis (e.g., Starrett, 1968,
1973).
As important, the occurrence of simple
and advanced tongue propulsion conditions
within each of several families suggests
strongly that the advanced tongues may be
the result of several lines of parallel evo-
lution. Thus, it is unwise to continue des-
ignating shared character states for frog
tongues, pending careful studies which
consider the functional and evolutionary
questions raised in this report.
Among archaic frogs the condition in
Rhinophrynus is of particular interest. If
our interpretation is correct, we have
here a tongue moved not by its intrinsic
muscles but by a shift of the hyoid (Fig.
4). It does represent a fundamentally dif-
ferent pattern from that seen in any other
frog, a pattern that, despite its analogy to
certain salamanders, may hardly be con-
sidered ancestral. Consequently, there is
evidence that the capacity to pick up di-
verse prey by means of an eversible tongue
may have evolved independently a num-
ber of times among both the archaic and
the modem frogs.
It is an interesting question why, de-
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shrill chirping distress sounds, even though
it lacks a mating call (Stephenson and
Stephenson, 1957). More must be learned
about the ecology, behavior and morphol-
ogy of ascaphids before one can draw the
conclusion that they are all voiceless or
that voicelessness is primary.
Until further evidence becomes avail-
able we may consider as one possibility
that the voice became important early in
anuran evolution before selective pressures
made a manipulative buccal floor critical.
Transitions Between Levels of
Organization: Functional
Considerations
With the above in mind it is plausible
to speculate regarding the functional as-
pects of evolutionary shifts.
(1). Fully aquatic frogs presumably do
not need a proper tongue with a friction
surface. Buccal manipulation of food par-
ticles in water is possible (involving in-
ertial feeding of suspended objects) uti-
lizing the pumping effects of the buccal
musculature and the abrasive action of
pharyngeal and more anterior teeth when
present (e.g., Regal, 1966). These con-
siderations would, incidentally, partially
explain the tonguelessness of pipids if the
condition in the Aglossa is secondary.
(2). With any shift to air breathing
and terrestrial habitats, mucous mem-
branes would become more common. Non-
aqautic food items are necessarily utilized
and water pumping cannot be used to
manipulate food items. Feeding in terres-
trial niches must have created major pres-
sures selecting for new methods of food
manipulation and capture. The remnants
of the old branchial musculature became
modified for moving a tongue pad in man-
ipulation, and the intermaxillary gland
and associated structures became devel-
oped along with terrestrial chemosensory
capacity.
(3). Frogs, whether they arose in the
Triassic or Jurassic confronted a diversity
of abundant terrestrial arthropods. A vari-
ety of methods for picking tip small terres-
trial arthropods would have been of ad-
vantage, and their development often may
well have been a condition for successful
survival.
The earliest frogs may have lunged at
prey (Gans and Parsons, 1966). Contact
of any moist mucous membrane would
have promoted adhesion of small dry ar-
thropod exoskeletons. The temporary pro-
trusion of loose buccal membranes at the
end of a lunge probably had a sufficient
selective advantage so that looseness was
elaborated in a series of small functional
steps ultimately leading to controlled pro-
trusion.
(4). Initially protrusion may have in-
volved a series of muscles (genioglossal)
radiating from the symphysial region and
diffusely attaching across the ventral sur-
face of the buccal lining. Contraction
would reduce the area over which this skin
was stretched, thus folding it and causing
it to bunch at or over the mandibular edge.
There would be a selective advantage to
a thickening of the pad's center as this
would restrict bending initially to the un-
thickened anterior edge and then cause the
intrinsic resistance of the sheet to roll it
over the edge. A thickened buccal mem-
brane would incorporate further advan-
tage if it involved the development of
papillae and hypertrophy of the mucous
glands of the lingual surface. Their con-
tents would be squeezed out upon impact,
wetting the prey and increasing adhesion.
This is essentially the condition in asca-
phids, Bombina, Cyclorana and Telmato-
bius.
(5) . Eversion would be enhanced fur-
ther by sinus (or bursa) formation and
the accumulation of tissue fluids ventral
to the tongue and between the muscle fi-
bers. Tissue fluids between the muscular
fascicles would achieve an initial advan-
tage of reducing intermuscular resistance
during deformations of the floor. The
fluid contents would be restrained from
ventral displacement by the simultaneous
contraction of the sheet of intermandibu-
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lar and geniohyoid muscles; contraction of
the posterior genioglossal fibers of the
tongue would then shift this liquid and
enhance the anterior bulge of the buccal
membrane by a hydraulic effect.
(6). The tongue apparatus might also
be protruded by an anterior shift of its
hyoid base (d. Trewavas, 1933 for hyoid
variants). With this, tongue excursion
would presumably be limited by the extent
of hyoid excursion. This may be a major
constraint on the system of tongue protru-
sion apparently utilized by Rhinophrynus.
(7). A "higher" structural grade would
be achieved as the genioglossal muscles
became more organized, and the fascicles
fused into heavy bundles along the mid-
line and into the sides of the tongue. (It
is unclear how much bilaterality reflects
asymmetric control of protrusion.) Stif-
fening of genioglossals thus tightly bound
during contraction would provide the
tongue with a temporary "skeletal sup-
port," improving its manipulative ability
as well as protrusive and prey capture
functions. It is possible that manipulation
(or possibly even closure of the internal
nares!) may have been the primary func-
tion. We lack evidence for such points.
(8). What is clear is that a bundle of
tightly associated muscle fibers can turn
rigid on contraction and may even form
a stiff rod. A repositioning of its attach-
ments so that contraction of associated
muscles rotates the rod, can induce cen-
trifugal forces on the connected soft tis-
sues. In simplest terms, this rotational ac-
tion facilitates the shift of soft tissues
toward the mandibular edge and subse-
quently beyond this.
(9) . Several types of intrinsic muscle
arrangements would improve the mechani-
cal effectiveness of such rods. Laterally
positioned short fibers within a wrapping
of dense connective tissues more clearly
define it and induce minimal shortening
of the rod during contraction. Spiral
wrappings, such as those seen in Mego-
phrys, also represent a configuration that
may turn a flaccid muscular assemblage
into a rigid structure without undue short-
ening upon contraction.
(10). Other extrinsic as well as intrin-
sic arrangements increase the mechanical
advantage of forces and displacements in
the system. Contraction of the posterior
intermandibular, of a thickened anterior
intermandibular and of the geniohyoids
would tend to lift the rod. Dorsal fibers
would have a lifting effect, further rotat-
ing the rod about its insertion. Separation
of a short fibered flap or flaps of genio-
glossus basalis ventral to the rod, such as
in Scaphiopus, Megophrys, Ceratophrys
and Bujo, incorporates the potential for
additional angular acceleration. All of
these modifications lift the body of the
rod. Simultaneous depression of the origin
of the muscular rod would induce a force
couple and produce a multiplier effect.
Such depression could potentially involve
medial rotation of the curved mandibles,
and depression of separate (mentomeck-
elian) elements of their tips. All increase
the couple imposed on the rod and with
this increase the tip's angular acceleration.
The loose soft tissues thus achieve suf-
ficient kinetic energy to stretch out and
bypass the rod as its tip rotates beyond
the symphysial level.
(11). Fluids entrained in the basallym-
phatic sinuses would shift outward during
this portion of the movement. Such out-
ward change of mass increases the rota-
tional momentum and adds energy to the
distal tissues. The inward pull on the
soft tissues at the beginning of lingual ro-
tation furthermore reduces the initial ro-
tational inertia and permits buildup of an-
gular velocity during the critical phase.
A Hypothetical Evolutionary Framework
Adult protofrogs may have been aquatic
(e.g., Nevo, 1968) and used water move-
ments to manipulate prey; or perhaps
they were terrestrial, mainly utilizing rela-
tively large prey items that would have
to be pushed into the mouth by move-
ments of the forelegs or by pressing the
prey against the substrate.
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Once protofrogs entered an adaptive
zone in which prey manipulation was of
particular advantage, the frictional char-
acteristics of the floor of the mouth would
have been subject to further selection. Ma-
nipulative and protrusible tongues would
extend the size range of food items avail-
able to such animals (Regal, 1966): the
resultant selective advantage would reflect
the frog's capacity to feed on small as well
as on large prey. The conditions seen in
living terrestrial frogs could then have
arisen in two ways. If the buccal floor
and hyolaryngeal apparatus of the first
frog was like that of modern pipids and
permitted dorsoventral pumping displace-
ments, selection could have acted to in-
crease the range of anteroposterior hyoid
movements, which would bunch the tissues
of the floor of the mouth. Differentiation
of a dorsal series of retractor fibers would
have permitted improved control over the
shape of the bunched tongue and over the
range of movements possible in retraction;
this seems to be the condition in Rhino-
phrynus. We assume that this system in-
corporated intrinsic limitations as the
range of the tongue may be constrained
by the range and direction of hyoid move-
ment.
Alternatively (or subsequently) some
of the fibers of the branchial musculature,
or of the floor of the mouth might have
migrated directly to the positions seen in
Bombina or Ascaphus with a posteriorly
branching series for forward displacement
of mucous membranes and an anteriorly
branching series for retraction. Differen-
tiation of the tissues of the floor of the
mouth into a friction surface would ac-
company the most elementary manipula-
tive system.
Greater protrusion of the tongue than
seen in Bombina could be accomplished by
laterally constraining the space into which
the tissue may be extruded. Thus, instead
of forming a broad margin of extruded tis-
sue, the tongue would be protruded as a
more nearly hemispherical organ: nar-
rower, but longer. Drawing in of the lat-
eral margins of the tongue could be ac-
complished by fusion of fascicles of the
genioglossi along some portion of the mid-
line. At this point we could begin to refer
to a well-defined, organized, m. genioglos-
sus rather than a diffuse series of muscle
fibers. Once assembled into compact mus-
cle bundles, contraction of this series
would also begin to have the potential to
form a rigid rod as described for Rana.
The transition from a rigid rod to a
lever arm is major. As long as the genio-
glossal series only produces forward mo-
tion, it matters little whether the fibers
are compact or diffuse. Utilization of rig-
idity to produce an upward (rotational)
as well as a forward vector would seem to
require additional elements in the func-
tional system.
The transverse mandibular musculature
could serve as a fulcrum if the insertion of
the genioglossus were placed ventral to it,
or if the mandibular symphysis were tem-
porarily shifted ventrally. The lever-ful-
crum system of Rana may have seen its
origin in young frogs with incompletely
ossified skeletons (de }ongh, 1968) where
the symphysis would be depressed at the
start of tongue action. Selection may have
acted to delay throughout ontogeny, ossi-
fication in the region of the mandibular
symphysis. Once the genioglossus had be-
gun to take on a more compact form and
became rigid during contraction, selection
for a lever-fulcrum system might have oc-
curred rapidly, first in the deformation of
the mandibles of newly transformed frogs
and then by the retention of juvenile fea-
tures in adults. The system produced is
the classical condition in Rana.
The above hypothesis does not predict
the condition in Ceratophrys. The genio-
glossus of Ceratophrys could produce an
upward as well as an anterior movement
of the tongue even though the tips of the
mandibles are well ossified. This motion
is apparently possible because of the "legs"
or "wings" formed ventrally by the genio-
glossus basalis. Bulging of this section
could serve essentially to wedge the stiff-
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ened rod of the genioglossus apart from
the rigid, supporting intermandibularis an-
terior, thus rotating the lever about its
fixed origin at the mandibular tips (Fig. 1,
F, G.). The size of this portion of the
genioglossus basalis suggests that this sys-
tem plays a variously major role in produc-
ing rotational acceleration in a variety of
anurans. In Scaphiopus the basal "wedge"
is strikingly large (with an important func-
tion in prey manipulation?). In Mego-
phrys and Ceratophrys it is a modest but
distinctive element in the system. In Bujo
the "wedge" is smaller still but could play
a significant role in protraction. In Hypo-
pachus, Breuiceps, Glyphoglossus, Phryno-
merus, and Rana (all microhylid-ranid
genera) we consider the "wedge" to be ab-
sent.
One may speculate that the functional
sequence could have proceeded by at least
two paths toward advanced anuran
tongues. Along the first path depression
of the mentomeckelians evolved early and
rotation of the lever took place as the
symphysial insertion dropped and rotated
about the rising fulcrum. The second path
saw evolution of symphysial depression
relatively recently. While this second
path at first seems unnecessarily compli-
cated, one can conceive of structural or
developmental constraints, or perhaps a
predatory way of life that required stout
mandibular tips early in ontogeny. The
ventral portion of the genioglossus might
initially have thickened, perhaps to press
the tongue dorsally during prey manipula-
tion, thus starting the basis for further
selection. As a by-product, the dorsal
portion pulled the tongue pad up as well as
forward. This slight rotational compon-
ent of movement would help to carry the
tongue over the edge of the jaw during a
lunge. In some forms such as Scaphiopus
the basal wedge is huge, suggesting that
manipulative functions may be quite im-
portant (or the system may represent
an early and as yet unrefined mechanism
for rotational acceleration of the tongue).
Following the incipient stages of rota-
tional acceleration, this function may have
been further modified by fascicular ar-
rangements that would stiffen those por-
tions of the genioglossus dorsal to the
wedge. Once stiffened the soft tissues
would not simply slide up and forward; as
the genioglossus became progressively
longer and more rigid in phylogeny they
would be rapidly lifted and rotated; they
would function as a lever arm. Such a
system, coupling the swelling anterior in-
termandibularis and rising geniohyoid to a
"wedge" and a "lever," could produce a
functional system analogous to that in
Rana.
Still, many frogs such as Bujo seem to
have both a ventral wedge and depressi-
ble mentomeckelians. This is to be ex-
pected since depressible symphysials would
add further to the acceleration of the lin-
gual tip. A shift from a reliance on large
active prey to exploitation of smaller prey
would, for example, reduce the advantage
of a rigid symphysis and the projectile func-
tion of the tongue could be improved by re-
construction of the symphysial region. This
may have happened many times as a more
versatile tongue allowed the exploitation
of small prey and as competition with ad-
vanced lizards, birds and mammals placed
high premiums on efficiency over the last
200 million years.
The above speculations may be con-
firmed or rejected as the much needed
detailed functional studies incorporating
electromyography, and comprehensive
comparative descriptions, accumulate. We
hope that the present report elucidates an
adequate variety of biomechanical princi-
ples and hypotheses, and of possible evo-
lutionary ramifications to facilitate such
studies.
SUMMARY
The tongue has long been used as a
taxonomic character for frogs, yet its me-
chanics and evolution have not been un-
derstood. We document that there are
many functional and structural tongue
patterns among living anurans. The prin-
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ciples on which the various types of
tongues can function are outlined. Possi-
ble paths and causes of evolutionary tran-
sition between levels of organization are
discussed. It is likely that there has been
considerable parallel evolution of tongue
types in anurans within both archaic and
advanced families.
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